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My criticisms will be directed first to the prevailing definitions, secondly to the conflicting views on pathology, and thirdly to the too rigid view held of the symptoms.
(1) No adequate discussion of a problem is possible unless, the fundamental terms are sufficiently and correctly defined in a manner understood by all parties to the discussion. There is an unfortunate lack of agreement amongst surgeons as to what does and what does not constitute shock and collapse. This is best illustrated by quoting the current definitions of shock in recent editions of modern text-books.
" Shock is a condition of general depression of vital functions associated with low bloodpressure " [1] .
(Collapse not mentioned.) " By the term shock is meant a condition of depression of the vital activities of the body associated with a marked and progressive fall of blood-pressure, resulting from injuries " [2] .
(Collapse not specially described.) "The condition known as surgical shock may be looked upon as a state of profound exhaustion of the mechanism that exists in the body for the transformation of energy." " Collapse is a clinical condition which comes on more insidiously than shock a;nd which does not attain its maximum degree of severity for several hours . . . Collapse often follows upon shock . . . The clinical features of the condition are practically the same as those of shock " [8] .
" Shock is a general depression of the vital powers arising from traumatism. Collapse is a condition symptomatically identical with shock but arising at once or immediately after an injury or sudden or violent emotion " [4] . " Shock is due to overstimulation of nerve centres such as may be produced by any sudden injury or violent emotion producing a temporary inhibition of their function." " Collapse is a serious condition resulting from the exhaustion of nerve centres either from continued overstimulation or from pain or aneemia as in loss of blood from hemorrhage " [5] .
" Exhaustion is the result of a diminution of the difference in potential between the poles of the organism, due to a decrease in the potential of the brain which in return results from a decreased difference in potential in its constituent cells. This conception explains the identity of the phenomena of exhaustion and the progressive degrees of exhaustion to 'shock'" [6] .
"A state of depression of all the vital functions of the body, the state being primarily induced by the infliction of injury on the body tissues, and being characterized by a progressive fall of blood-pressure " [7] . " Shock is the state of exhausted vitality resulting from and occurring immediately after injury.
F-SURG 1 "Syncope is a state of reflex inhibition of the cardiac and respiratory centres. "Collapse is a term used in different senses: (1) as synonymous with syncope; (2) as a term for the state resembling shock which comes on as the result of slow toxic injury, e.g., in peritonitis and intestinal obstruction. " (In shock) a fall of blood-pressure is the cardinal fact and its degree may be regarded as the measure of shock " [8] .
Some observers, recognizing the difficulty of a formal definition, assert that shock is best defined by a description of its symptoms (Cannon and Dale). In criticism of this view it is clear that a full symptomatic definition must always be that of an extreme case in which all the symptoms are present, and so the lighter forms might not be included.
It will be seen that several of the text-book definitions do not distinguish shock from collapse, either clinically or pathologically. Others distinguish them pathologically, but say that clinically they appear the same. To complete the confusion those who distinguish between them clinically do so in diametrically opposite ways, what is called shock by one being called collapse by the other and vice versa. Hardly any of them have reference to shock other than that produced by trauma. Cannon, in his excellent monograph on shock, came to the conclusion that shock and collapse were not clinically distinguishable, and this view must be subscribed to by careful students of the conditions. Undoubtedly the word "collapse" conveys the idea of rapid onset more than that of shock, and here we believe is the only point of distinction between them. Collapse is merely a rapid onset or aggravation of shock.
To limit the term shock merely to the results of trauma seems irrational. There are many conditions produced by various means which are clinically indistinguishable from the results of severe trauma. Anyone put face to face with a patient suffering from anaphylactic shock, from extreme biliary colic, from the late stages of intestinal obstruction, from acute cholera, or from the late stage of peritonitis, and not having any indication as to the history of the case, would often find difficulty in giving the correct cause, for the clinical conditions are frequently very similar. A much broader surgical outlook would be possible if a definition were framed to include all these states. Things which are clinically similar to the same thing are similar to one another, and should be contained by one definition. The more the phenomena of shock are investigated, the nearer we get to such a definition.
MacCallum, speaking of shock, says:
"It is especially common in injuries which involve the exposure and mishandling of the abdominal organs, but practically the same complex appears after extensive burns and in the case of intense peritoneal and other infections and some intoxications; possibly the infections and intoxications may b.e distinct in their mode of action, but in the present confusion of our knowledge the results seem to be practically identical." [9] . Crile states that " Whatever the cause of shock, whether psychic, traumatic or toxic, the basic phenomena are the same. The individual is prostrated, his face is white and shrunken, there is no saliva, no gastric juice, the urine is scanty, the mind is dull, and the temperature is subnormal." [10] .
Crile states that his researches "have shown that infection, exertion, emotion, asphyxia, the excision of organs, etc., cause phenomena which are identical with those produced by the commonly accepted causes of shock-physical trauma and heemorrhage, that identical organs are affected by each of the causes of exhaustion, and that the change in each is the same whatever the cause of the exhaustion." [11] .
If this view be allowel, it would, or course, be necegsary to specify the various forms of shock by their appropriate epithets, e.g., toxic shock, traumatic shock, haemorrhagic shock, and the like. Shock should be considered from a broad point of view just as fever is so considered. Shock is a depression, as fever is generally an exaltation, of the phenomena of vital activity. The symptoms of fever vary from case to case just as I hope to show the symptoms of shock may vary. The analogy should not be pushed too far, but it should serve to help us to a wider view and warn us against bringing too much pathology into the definition of a clinical condition.
For purposes of discussion I have ventured to define shock in such a way that it would include all the various forms.
" The term shock signifies a condition following the application of harmful stimuli (traumatic or toxic), or the depletion of the body-fluids, in which there is a clinically demonstrable depression of the vital processes of the body, particularly the circulation and metabolism."
Collapse is the term applicable to the sudden onset or rapid aggravation of the symptoms of shock."
Exhaustion represents a late stage of shock." (2) Though it may not be within the competence of a clinician to criticize the experiments of the pathologist, it is open to him to comment upon the relation of the clinical facts to the experimental results. It is quite impossible to discuss within reasonable compass the various theories which have been held on the subject of the causation of shock, nor do I propose to do so, but an enumeration of some of the theories is of interest.
Crile, as the result of experiments on animals, came to the conclusion that shock was due to exhaustion of the vasomotor centre leading to dilatation of the splanchnic vessels, whilst he attributed collapse to inhibition of the same centre. This view was supported and independently put forward by Lockhart-Mummery. The later researches of Porter and others have, however, shown that the vasomotor centre still retains its activity in shock. Malcolm, basing his views on clinical grounds, asserted that shock was accompanied by a gradual contraction of the peripheral vessels and a gradual loss of fluid in the vessels, which ultimately led to the death of the patient from deficient circulation.
Yandell Henderson, on experimental and clinical data, maintained that shock was due to a deficiency of carbon-dioxide in the blood-a condition to which he gave the name " acapnia." Another view put forward was that a deficiency of the normal quantity of adrenal secretion in the blood was responsible for the onset of shock. This was disproved by Rendle Short. In the great war two other views obtained prominence. One was that shock was due to a relative acidosis of thbe blood-; -teother that it was produced by toxins or decomposition products, which gained access to the circulation from the injured muscles. The special group of investigators who were appointed to test the acidosis theory decided against it. The general consensus of opinion has been favourable to the view that the products of decomposition of injured muscle may, by their absorption into the circulation, lead to the production of shock, and a striking experimental parallel was shown in Dale's work on histamine. Small doses of histamine were found to produce typical symptoms of shock. Malcolm's view that fluid was lost to the circulation in shock was supported by many researcbes during the war, and the name ' exemia was coined by Cannon to describe or label this factor in this condition.
This list does not comprise all the theories of shock, but will serve as a basis for a few comments. In the first place, anyone who reads the accounts of the many experiments conducted by eminent workers, yet leading to contradictory results, must be impressed by the extreme difficulty of obtaining reliable data, and the need for caution in accepting conclusions which do not tally with clinical findings. Secondly, when we find that results vary according to the type of animal used in the experiments we are led to make the comment that without clinical confirmation it may not be justifiable to take the results of experiments on animals as typical of what occurs in man. There are some symptoms of shock in man that are not found in the lower animals (e.g. sweating), and this adds to the difficulty of comparison.
Thirdly, the criterion of shock in animals has generally been the level of the blood-pressuire. Whilst this may be assented to by the majority, it.is worth pointing out that it is not an entirely reliable factor. A further criticism is that many workers have made the common mistake of confusing effect with cause. A certain fairly constant factor has been found (e.g., acidosis in the blood), and this has too readily been assumed to be a causal factor instead of a necessary consequence of the lowered metabolism of the shocked condition. There has been too eager an attempt to find one cause and one pathological process whereby shock is brought about. If we consider the analogy of fever we shall be prepared to find that many different factors may play a part in its production.
Since the discussion on shock before this society in 1919 not sufficient notice has been taken of the careful statement made by Bayliss as the result of the experimental work done during the war. It is as follows:
"In the course of investigation it has gradually come to be realized that the chief if not the only really important factor is a deficiency in the volume of blood in circulation. This applies not only to that form of shock brought about by actual loss of blood out of the blood-vessels, but also to cases where there is no reason to suppose there has been any great loss of blood.
"Apart from the fact that the general symptoms of hsemorrhage and shock are very similar, estimations of the vital red method of the volume of blood.in circulation have shown that it is decreased in both cases " [12] .
This statement is of the utmost importance. If it be accepted as a fact that the really important factor in shock as well as heumorrhage is a deficiency in the volume of blood in circulation we are enabled to bring these two clinically similar conditions more nearly into one pathological line; moreover we are forced to conclude that a fall in blood-pressure need not be the first or the truest indication of the beginnings of shock. It is well known that by powerful vasoconstriction the blood-vessels may compensate for the loss of a large volume of their containing fluid. No appreciable fall of blood-pressure may be noticed till more than a quarter of the total volume of the blood is lost and pressure may be maintained with a much smaller volume. It would thus be possible to have a late stage of shock with a well-maintained bloodpressure. A sudden great loss of fluid from the vessels always produces sudden collapse; so, in all those cases in which shock comes on gradually, the fluid must leave the circulation gradually and allow for the compensatory vasoconstriction to come into play and mask the serious condition. But with a diminished circulation metabolism is certainly lowered, temperature would fall and other symptoms of shock would appear. We are led to conclude, therefore, that low blood-pressure need not be an accompaniment of shock and, in all those experiments and observations in which the condition of the blood-pressure has been taken as the sole or the most important indication of shock, a great fallacy is present which may have allowed many cases of fairly serious shock to pass unnoticed. It does not affect the question that the place to which the fluid goes is not fully determined, nor does it matter what is the exact mechanism at work. Certainly in clinical work many cases present all the clinical symptoms of shock and yet have a normal blood-pressure.
(3) When we consider the general view held as to the symptoms of shock, the oriticism may be offered that too rigid a stand is taken as to the necessary presence of nearly all the common symptoms. 602 The symptoms of shock may be attributed to: (1) circulatory failure; (2) depressed metabolism; (3) sympathetic stimulation.
In most clinical accounts it is usual to give a full list of symptoms such as is seen in the last stages of the condition. This is so customary that unless all the symptoms are present some observers will not allow the condition the name of shock. In much the same way we might refuse the name fever to any condition which did not present the phenomena of furred tongue, concentrated urine with uratic deposits, etc. The variation in the symptoms of shock is so general that one might without exaggeration speak of "the law of dissociation of the symptoms of shook," whereby would be indicated the fact that the symptoms occur in varying combinations in different cases. This can be illustrated by considering a few of the symptoms.
Pallor or lividity is considered typical in the appearance of a shocked person. Yet it is possible for a patient to be in a state of serious shock and yet preserve a normal pink complexion. I have at present in the hospital under mZy.care a patient upon whom I recently operated for the closure of an enterostomy which had been performed for intestinal obstruction. The operation was difficult and necessitated the freeing of many adhesions. The time taken was over an hour and a half. At the end of that time the systolic blood-pressure was only 80 mm. of mercury and the pulse-rate 150, yet the face was normal pink in colour. I could give other instances but that one should suffice to emphasize the point. As for the reason of this it is possible that the processes of metabolism are so depressed that the oxygen remains in the blood and the hamoglobin is not reduced, but this view is theoretical and I know of no experimental confirmation.
A subnormal body temperature is probably the most constant and most important symptom in shock, yet it is surprising -how few adequate records of this symptom are met with in the clinical accounts. This was noted by E. Qu6nu, F. Duval and P. Mocquot [13] , who wrote as follows: "D'apr'es ces donnees experimentales, le degre d'abaisse@nent de la temperature centrale pourrait gtre un el6ment de pronostic du shock: par exemple, la persistance de l'hypothermie centrale malgre les moyens de rechauffement, serait un indice de gravite: mais nous avons hAte d'ajouter que ce sont lA des vues theoriques, une etude clinique de la temperature centrale n'ayant pas ete faite dans le shock traumatique. " Il est A noter que la tempgrature centrale eat rarement indiquee dans les observations de bless4s de guerre. Presque toutes sont muettes At ce sujet " [13] .
Twenty years ago, Kinpaman, experimenting on the production of shock in cats by the simple exposure of the intestines, came to the conclusion that the gradual fall in temperature was a much more reliable indication of the onset of shock than was the fall in blood-pressure, for the latter was very variable, even though it showed a downward tendency, whilst the fall in temperature was steadily and uniformly progressive. I believe there are some cases, however, in which the symptoms of shock may be present for a short time before the temperature falls. Mental dullness is usually regarded as a characteristic feature in shock. It is a fairly constant accompaniment of the shock following injuries and operation, but is often entirely absent even in the extreme degrees of infective and toxic shock. I have known patients almost moribund from the collapse of intestinal obstruction, with a blood-pressure hardly recordable, yet with a brain as active as, or even more active than that of a normal person. The same feature is sometimes seen in the collapse which accompanies gas-gangrene.
The pulse-rate in shock is commonly regarded as being constantly increased, and in the majority of cases this is true, but there is an important minority of cases in which the pulse remains regular and approximately normal in frequency, though it (50ini3 diminishes gradually in volume and strength. This has been commented on by several observers.
Malcolm states that-" When the state of shock occurs, the pulse may be quick and feeble fromi the first, in which case an important change cannot be detected, but in a considerable proportion of operations, chiefly in those performed upon patients with a strong heart muscle, the pulse at first does not hasten, and sometimes it becomes larger and more tense at the wrist. Later the radial pulse, still sometimes remaining slow, gradually diminishes in size and in the force of its beats, until it may cease to be felt " [14] .
In connexion with cases of wound-sbock Cuthbert Wallace writes:-" A second class; is the shocked man with a slow pulse. These cases almost always end fatally F [5] ."
Rendle Short writes:--- " We all know that a man may be sent off the table with a good pulse, but already his life is in daniger." [16] Cowell relates the following cases: (i) Man with shell wound. Cold and clammy. Blood-pressure 60 to 50 mm. Pulse 80.
(ii) Officer with gunshot wound. Blood-pressure 75 to 50. Pulse 84 [17] .
I have seen many cases confirming the facts put forward in these quotations. In a great number of cases of shock accompanying acute abdominal conditions, the pulse may remain slow and steady for a considerable time. The explanation which most readily occurs to one is that there may be stimulation of the afferent fibres of the vagus nerve causing the heart to retain a slow beat. For example, I have known the acute shock accompanying a fulminating pancreatitis to be accompanied by a slow pulse of 66.
The blood-pressure in shock is often lowered; many say that it is always lowered. There are some who assert that unless there is serious lowering of the blood-pressure the state of shock does not exist. Careful consideration and observation, however, will soon bring the conviction that a fall in blood-pressure, though common, is not an essential feature of shock.
There are two preliminary objections to be made against accepting the bloodpressure as the sole or chief criterion of shock. First, it is very difficult to define what is normal blood-pressure, and usually impossible, in acute cases, to know what the normal for the individual patient is. Secondly, most observers appear to pay more attention to the systolic pressure, less to the diastolic, and least of all to the pulse-pressureor tdifference between the first two. I have known a patient in extreme collapse with a systolic pressure of 135, and a diastolic pressure of 110. Here the pulse-pressure of 25 was a much truer indication of the moribund state of the patient than the good systolic pressure.
We have already explained how the presence of a high blood-pressure in a state of shock can be explained physiologically. Does clinical evidence support this view ? Rendle Short writes:
"It is probable that shock may be present before the blood-pressure falls, though it is difficult to recognize its presence, except that the patient looks bad " (18).
Parsons and Tyrrell Gray concluded that:
"A low blood-pressure is not an essential accompaniment of the clinical picture of shock, for the classical symptoms of shock occurred when the blood-pressure was at its highest recorded point " (19).
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Bayliss wrote:-" Attention may be called to the fact that a high blood-pressure may co-exist with a small blood volume, the high pressure being kept up by powerful vaso-constriction. Nevertheless the majority of the tissues are suffering severely from want of oxygen, since the blood-flow is decreased still further by the arterial constriction. A high bloed-pressure is therefore not a contra-indication against the injection of saline to restore the blood volume " [20].
These quotations will show that a low blood-pressure should not be regarded as an essential to shock. It may be objected that the maintenance of a normal pressure is very unusual in the shocked state, but it must be pointed out that the present teaching as regards blood-pressure begs the question, directs observation on wrong lines, and blocks the way for a better understanding of the condition. Everybody allows that a low blood-pressure is always present in the latest stages of shock, but one of my purposes is to put forward the view that the early stages of serious shock may still be accompanied by a normal blood-pressure.
The purpose of these remarks is to advocate a broader clinical view and definition of shockl, to point out that the essential diminution of circulting blood in shock need not for some tim.e be accompanied by a lowered blood-pressure, and to show how variable the symptoms of the condition may be even as regards the pulse.
The special aspect of shock in acute abdominal disease I have dealt with elsewhere [21].
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DISCUSSION.
Mr. J. D. MALCOLM. When I first wrote on this subject in 1893, I discussed the vascular changes caused by reactionary fever following operations, by shock, by retention of intestinal contents after laparotomies, and by septic infections. In all these conditions I found evidences of a contraction of the blood-vessels, varying in degree, in persistence and in rapidity of onset. In all, I occasionally found cases in which the arteries were at first little reduced or even fuller than usual, the smallest vessels only being contracted. When the radials were involved in the contraction, the wrist pulse became small but the heart-rate did not necessarily hasten; as the contraction extended to larger vessels the force of the radial pulse was further diminished and the heart-pace hastened. In fatal cases, towards the end there were. signs of a gradual exclusion of the blood from the tissues, and death was attributed to a starvation of the nerve centres in the medulla oblongata.
In 1899, Crile published his theory of the nature of shock. This was;folnded upon experimental work, and it was shown that there is a fall of blood-pressure in proportion to the degree of shock. In interpreting his observations Crile relied upon the teaching that a contraction of the arteries causes a rise of blood-pressure, and he argued that every fall of pressure indicated a vascular relaxation. By this reasoning it seemed to be proved conclusively that in profound shock the blood-vessels are completely relaxed, and that view was generally accepted for many years.
But this conclusion is directly opposed to Lister's finding that stimulation of sensory nerves causes a contraction of the vessels in the web of the frog's foot, and seems altogether inconsistent with clinical observation. In nearly every page of the protocols of his first book Crile attributes a fall of blood-pressure to a relaxation of the vessels when it seems that a contraction was clearly indicated.
It has gradually become generally accepted that in profound shock the vessels are tensely contracted and the blood-pressure is very low. Clearly, therefore, it is not true under all circumstances that contraction of the vessels raises blood-pressure. I was not the first to draw attention to this point. In the middle of last century Sir George Johnson, of King's College, taught that a contraction of the arteries exercises a stop-cock action on the blood-flow, raising pressure in the large vessels and lowering pressure in the small vessels. As the contraction increases, the area of lowered pressure gradually involves the whole vascular system, and it is an absolute rule that a sufficient contraction of the blood-vessels is always accompanied by a general fall of blood-pressure and by death from starvation of the nerve centres in the medulla. The persistent contraction of the vessels is made possible by a free escape of the fluid parts of the blood into the tissues.
In Bayliss' book on physiology there is a good account of the behaviour of fluids flowing through tubes, but neither in this nor in any other physiology have I seen an application of the facts to clinical conditions. I would urge, therefore, that the limited effect of contraction of the vessels in raising blood-pressure, and the absolute effect of a sufficient contraction in lowering blood-pressure, should be taught with authority as a first step towards the understanding of shock and of many other medical and surgical phenomena. I have every sympathy with Mr. Cope's remarks on the unsatisfactory applications of the word " shock." It is used in conversation and in the newspapers in the vaguest way, and its professional meanings are not much more precise. The only hope of improvement lies in a clearer understanding of the changes taking place in the various conditions in which the vascular phenomena resemble those of shock. The same end conditions in the vascular system are produced in many different ways. In fact, a persistent contraction of the vascular systenm is by far the commonest mode of death. It seemiis desirable, however, to differentiate as far as possible the various methods by which this contraction may be brought about.
For example, the phenomena of hsemorrhage are exceedingly like those of shock, but the way in which the vascular contraction arises in these two conditions is altogether different. In hEemorrhage blood escapes from the vascular system, and the vessels contract upon the diminished volume of blood. Fluid passes into the vessels and the blood becomes thinner in consequence. If death occurs, it is due to starvation of the nerve centres in the medulla oblongata. In shock the vessels contract and fluid passes from the vascular system to the tissues, so that the blood is thickened. In this case, also, if death occurs it is due to a starvation of the vital nerve centres. The end results are the same, but I cannot agree that in both cases " the only really important factor is a deficiency of blood in circulation." This is true of haemorrhage. It is not true of shock. In shock the really important factor is the contraction of the vessels, and recovery cannot take place until they relax. Hfemorrhage and shock are two quite different conditions. Time does not allow me to compare the changes of primary shock with those of toxeemia and those of retention of intestinal contents after laparotomies. The differences seem to me quite definite. I agree with Mr. Cope that a fully-developed septic condition, a state of primary shock, and a case of haemorrhage may be clinically indistinguishable at a glance without any history, and that two or more of these conditions may occur together and complicate each other. The likenesses arise because the end results of the vascular changes are the same in many different conditions, but they do not seem to justify an application of the term shock to them all.
In Mr. Cope's definition of shock he gives " depletion of the body fluids " and " harmful stimuli " as alternative causes of shock. I am strongly of opinion that the depletion in shock is secondary to a vascular contraction, and that the vascular contraction should be considered the essential feature in a definition of shock.
Mr. ERNEST COWELL.
I agree with Mr. Cope that the current teaching about shock is unsatisfactory. Ten years ago the Medical Research Council organized the Committee on Shock. Since the publication of their valuable reports (1917) (1918) (1919) no literature of importance has appeared in this country. Crile's monograph, published in 1921, deals with only part of the subject and is not of much practical help. The book by Cannon, of Harvard (1923) , contains his own observations together with a full discussion of the pathology and treatment. Since then one or two papers of practical value have appeared also in America; the most important is by D. Fisher, of Boston, and describes the treatment by insulin-glucose-saline.
In 1917 an organized study of the initiation of wound shock was made in the front line in France.
I observed the blood-pressures and pulse-rates, etc., of men in the front trenches near Loos, before they were wounded, immediately afterwards, and at intervals during their evacuation to the casualty clearing station at Bethune. Here John Fraser and Professor Cannon continued the inyestigations, completing the blood-pressure charts, estimating bloodsugar and acidosis in the blood, etc.
From these observations I classified shock into " primary " and " secondary," a classification accepted by Cannon, Bayliss and subsequent writers.
Primary shock is rare, and results when the body sustains such severe anatomical damage that death must shortly supervene. The blood-pressure here falls rapidly and all the associated symptoms develop at once. Such a form of traumatic shock will be rarely seen in civil practice, and seen only when gross injury has been received or severe heemorrhage incurred.
In the majority of the cases of shock the pressure was found to fall slowly, after a lapse of several hours, and the group was labelled " secondary shock."
Several definite factors were observed in the development of secondary shock, and the conclusion was that in many cases the condition was preventable.
An " anti-shock campaign " was inaugurated, with the gratifying result that the incidence of shock was notably diminished.
At the present time the R.A.M.C. and first-aid societies of this country are following out these ideas, and I believe traumatic shock is much less-common than it used to be.
The factors that appear to be most important in the development of secondary traumatic shock are (1) pain, (2) loss of bodily heat, (3) haemorrhage, (4) toxEemia. The latter may be (a) bacterial, (b) due to absorption of tissue toxins. I have published blood-pressure curves illustrating these points in the Lancet (1919) , and examples will probably be familiar to all of you.
I have since made further observations on these tetiological factors. The blood-pressure was observed in a case of acute renal colic. The level fell from 120 to 80 mm. mercury and remained at that level for half an hour until the pain was relieved. It is still held by some surgeons that such painful stimuli tend to produce shock during surgical operations. I believe, however, that it is not necessary, when the patient is under a suitable general aneesthetic, to practise " nerve blocking." Recently I performed a fore-quarter amputation on a woman aged 72, leaving the unblocked brachial plexus to be divided last of all.
Her blood-pressure was recorded every five minutes throughout the operation, and varied between 130 and 140 the whole time.
Toxaimia.-In this fore-quarter amputation case I began by exposing and clamping the main vessels. All products of tissue damage were thus excluded from the circulation.
Experimentally, Bayliss and Cannon found that a compound fracture of the thigh in an ansesthetized cat did not lower the pressure when the femoral vein was previously clamped, but that as soon as the circulation was restored, the pressure fell.
Other observers have found that in two cats with a crossed circulation, production of traumatic sho k in one causes lowering of the pressure in the other. Qu6nu, too, states that blood from one shocked animal injected into a second one causes shock. Further proof of this factor of " tissue toxsemia " may be given by quoting cases where a profound drop of blood-pressure has resulted from releasing a tourniquet applied above the distal portion of a crushed limb.
I have emphasized this factor of " tissue tox8emia " because I believe the observance of the greatest gentleness during long operations will diminish the likelihood of secondary shock by limiting the formation and absorption of products of damaged and disintegrated tissues. The question of the type of aniesthesia employed must be considered under the heading of toxoemia. Buckmaster pointed out that the presence of chloroform in the blood greatly diminished the oxygen-carrying power of the red corpuscles. Ether acts in the same way to a smaller extent, and gas and oxygen does not affect this at all. Pathological tThange8 to be ob8erved as Shock develop8.-As the result of one or more of the oetiological factors mentioned above the blood-pressure falls. Professor Starling stated in 1912 that with a pressure below 80 mm. of mercury, the cardiac output was diminished. Professor Leonard Hill, in 1925, concluded from a study of the capillary pressure that low arterial blood-pressures were dangerous because " the capillary kinetic energy of the bloodflow is very small with normal arterial pressure, and there is a very smnall margin of safety." Professor Cannon teaches that in cases in which a maximum systolic pressure of 80 mm. has lasted for more than four hours, no matter what methods of treatment are adopted, recovery is impossible.
With such low pressures and with the small capillary margin there is deficient intracellular oxygenation, the whole process of metabolism is arrested and the delicate cortical and other nerve cells will never recover. The other observed facts of the deficiencies of the circulation are, the diminished quantity of circulating fluid, the capillary stasis, concentration of the plasma, increased viscoscity of the blood, and increased C02 content (acidosis).
Definition.-Cannon says: " It seems to me that, in such a complex as shock, definition
is not a precise requisite; .
The important matter is to obtain a careful description of the observed facts."
If it is necessary to define the condition, I should say that " traumatic shock is a state in which there is a persistent low blood-pressure, with a diminished volume of circulatory fluid and a lowering of all vital functions."
A conception of the classification of traumatic shock into the primary and secondary varieties is of the greatest value, since from this follows the idea that secondary shock is largely preventable.
With regard to the second part of the paper, Professor Cannon says of Malcolm's vasoconstriction theory: " This remarkable explanation of the changes occurring in shock, based almost wholly on clinical observation and inference, was elaborated by Malcolm several decades ago, and, with slight errors, outlines the main features of the course of secondary shock as we understand iA to-day. The chief defect in the argument lies in a failure to account for a primary vasoconstriction capable of inducing the effects which Malcolm describes." I have had no personal experience of traumatic shock with a high blood-pressure, apart from cases in which cerebral compression has existed with or without a peripheral wound. The fall in body temperature in established shock is remarkable, especially if registered intramuscularly, as suggested to me by Sir Cuthbert Wallace.
From the practical point of view the diminished volume of circulatory fluid-with the resulting deficient intracellular oxygenation-is the important fact to recognize.
Intravenous injection of normal saline solution is disappointing, because, owing to the increased permeability of the capillaries, the pressure falls agein immediately. Subcutaneous saline is not absorbed because of the deficient circulation, and rectal infusion fails for the same reason in a bad case of shock. Bayliss' gum saline is useful, as it raises the pressure, diminishes the viscosity and increases the circulatory volume for a longer period than normal saline does. Blood transfusion is useful for the same reason. D. Fisher, in his latest paper, published in 1926, makes a fresh suggestion with regard to therapy. He conceives shock as a condition in which there is an internal asphyxia and acidosis-with the oxidative processes held in abeyance-producing the resulting exhaustion. He concludes that any method which promotes combustion and oxidation and furnishes heat energy should be effective. He therefore treats his cases with a litre of 10 per cent. glucose solution given intravenously, combined with hypodermic administration of insulin in divided doses. The cases quoted by Fisher are striking, but I have not yet had any personal experience of this method, which seems safe and worthy of trial.
In conclusion, we need not agree with the pessimistic view that our knowledge of traumatic shock is altogether inadequate. A great deal of useful work has been done in the investigation of the subject, and the knowledge of many useful facts is now available and awaiting practical application.
Mr. J. P. LOCKHART-MUMMERY. I cannot agree with Mr. Cope's definition of shock. It does not seem reasonable in these days to define a morbid physiological condition on a purely clinical basis. It may be difficult, or even impossible, to find a really satisfactory physiological definition in the present state of our knowledge, but even an unsatisfactory definition is better than one based only upon symptoms.
The difficulty in finding a satisfactory definition of shock consists in the fact that what surgeons generally understand by the word is a terminal state produced by a number of widefy different causes. Clinically it is often impossible to distinguish between them, and the only way in which one can clear up the confusion is by experimental research.
The definitions I put forward in the Hunterian lectures, in 1905, are certainly too narrow, in view of subsequent investigations, but these investigations have tended to confirm the main conception of surgical shock as a condition of failing circulation, due to fatigue of the vasomotor centres from excessive or harmful afferent stimuli.
The proof of this conception rests upon the following facts:
(1) Prolonged and excessive afferent stimulation of the brain-centres in animals under experimental conditions produces the condition.
(2) Histological changes in the brain-cells can be demonstrated to result from overstimulation of the centres.
(3) By using novocain or cocaine to block the afferent nerves and prevent stimuli from reaching the brain, shock can -be prevented both clinically and experimentally.
These facts show that there is a condition generally recognized as "surgical shock," which is due to over-stimulation of the vasomotor centres in the brain.
I agree with Mr. Cope that a deTiciency in the amount of blood-volume in circulation is a better test of the presence of shock than lowering of the blood-pressure. The constant factor in all conditions of shock is a diminished volume of blood in circulation. Lowering of the blood-pressure is compensated for in the early stages, and only takes place when the centres have actually begun to fail. After failure of the centres it occurs rapidly and tends to be progressive. The reason why the fall of blood-pressure was used in measuring shock in all our early experiments was that while it was not difficult to measure the blood-pressure, we had no means, nor have we now, of measuring the circulating blood-volume. Fortunately there is now a means by which we can recognize the onset of shock before any noticeable fall in the blood-pressure has taken place. One of the early effects of a diminished blood-volume in circulation will be the increased rate of the heart-beat, to make up for the diminished volume of blood reaching the heart. Normally, there is a more or less fixed ratio between the pulse-rate and the systolic blood-pressure, but when the blood-volume is seriously diminished, the ratio tends to be upset, and we find a rising pulse-rate with a stationary, or almost stationary, blood-pressure. If there is a rising pulse-rate which is not accompanied by a proportional rise in blood-pressure, it is fairly safe to assume that shock is present, and that the blood-volume in circulation is diminished. If, for instance, at the commencement of an operation the pulse-rate is 80 and the blood-pressure 180, and half an hour later we find a pulse-rate of 100 with a blood-pressure of 125, it is strong evidence that a serious degree of shock is already present.
Dr. Charles Moots, in America, has for some time kept careful charts showing this ratio in all operations, and he finds that, clinically, it is a safe guide to the condition of the patient.
The difficulty in any clinical investigation arises from the fact that similar conditions are produced from a number of -vary4ug.causes, and that we are not at present able to distinguish between them. Further, in practice more than one condition is present at the same time, and this seriously confuses the issue. While it is possible, experimentally, to recognize a state of surgical shock due to fatigue of the braincentres from excessive or harmful afferent stimuli, without any complicating toxic factor, it must be admitted that clinically it is not possible to do so, and in most cases of shock there is a considerable toxic element.
Many toxic conditions may give rise to symptoms indistinguishable -from true traumatic shock. Intestinal obstruction, peritonitis, and, experimentally, the injection of histamine, produce shock just as readily as trauma, and there are many other conditions such as burns, extreme cold, fear and exhaustion, which do so. The shock produced by burns is almost certainly due to both traumatic and toxic factors.
I suggest that the following four conditions must be recognized as separate physiological entities, although in practice several may be present at one and the same time (1) H&smorrhage.-Decreased blood volume, followed by lowered 8pecific gravity of the blood. Can be effectively treated by blood transfusion. (2) Collapse.-Lowered blood-pressure and lowered blood-volume, with stagnation of blood in the splanchnic area and muscles from sudden failure of the vasomotor mechanism. No change in specific gravity of the blood. Can be effectively treated by stimulants. (3) Traumatic shock.-Lessened blood-volume in circulation from exhaustion of the vasomotor controlling mechanism, followed by loqoered specific gravity of the blood. Cannot be treated directly. (4) Toxic 8hock.-Lowered bloodvolume in circulation, due to poisoning by toxic agent of the vital centres, followed by raised specific gravity of the blood. Best treated by saline transfusion to dilute toxins and increase blood-volume. Blood transfusion is contra-indicated.
Mr. ZACHARY COPE (in reply) said that his own view of shock was partly based upon and largely agreed with the observations of Mr. Malcolm and he did not wish to emphasize the minor points of difference between them. Mr. Malcolm was only now receiving that credit for his acute clinical work which should have been accorded him thirty years ago.
Mr. Cowell's classification of shock into primary and secondary was useful and though in his opening paper he (Mr. Cope) had not referred to it, he adopted the distinction between the two varieties in the case both of wounds and of shock from other causes, such as peritonitis.
He -was sorry Mr. Lockhart-Mummery could not agree with him as to the definition of shock, but the pathological distinction which he (Mr. Lockhart-Mummery) made between conditions which were clinically indistinguishable were not, so far as he (Mr. Cope) was aware, based on ascertained facts. It seemed better to allow the term " shock " to apply to the whole number of similar conditions, and to designate the variety by a descriptive adjective-traumatic, toxic, hsemorrhagic, as the case might be. With regard to the vasomotor centre in shock, several observers had shown that though it might be overstimulated, it was not exhausted.
